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-g- 0.001-0.51-/ « 3 xlas^ «g *r-g- 25 £rS>l|*| l7fl 

f- #3N>H ^-71 «>-§-7l iflJf°fl ^-71 x]h 3 ^ ^-§-^ Hi^r H. o]is}o\ £-5. 

V\A 7>^A]^ s$s$5)±r #7] ^1^^} ^7) «>-g-^ ^ 

^(d p )^l ^ 1-1,000 nm ^ tfl^l nm£EL7l« 3Hr ^§sj ^IL^o} ^sj-^- 

^Efl^ 3?-g.<*| Htil-S^ «V-g-7ll- o]-g-:§Kr aflS ^E) , ^ 

^1 ^ «V-§-7ll- ol-g-^ ^ ^fij 7M 2:<3 «^ ^ °H 

£ 1 
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[1^3 ^1 

^l^o} ^-g- 3-^7} ^3 <£^f 2Sfr^ {Method for Continuous Preparation of 
Nano-sized Zirconia Hydrates Sol} 
[5^3 ^tg] 

£ 2±r -MAl-g-ofl #-§-:&3 Qo] « c V^( z )o)l ^ *]s.i2^ °§ ^-g-*»3 

£r3E i^-Bhfl a?fl£. 

£ 3^8: ^-fr ^Al^fe of| A}-g-^ 4= ^ #-§-71* nM§*fe #"§-^3 

5LiM, £ 3a^ #-§-^ vfl^- ^<>1 ^*§*1 3-3^ 3#£3E°lJl, £ 3bfe #-§-^ ifl 

£ 4^ £ tf^-fr *H*Rr n A r -8-€ ^ #^ ^ #-§-71^ 71^ 

3<y 33-^ tt ^#<g£. 

£ 5^ ^-jr ^)t}7) #-§-^O.S ^3tt ^ #-§-713 71^-^0] 

33*fe f^^S^i , £ 5a^ #<H #-§-^3 M-3-\fl ?M ^#^£c,lJL, JE 

5bfe #-§-^3 33\11 7fl§* ^#^51. 

£ 6£r ^^l*>7l 3^ 3^r3 #-§-«.^- ^3fe ^ #-§-713 7l^<y 

33^ ^#^515.^, 3E. 6a^ pH S*l^#3 ^ #-§-713 'IS.S. -£*13^r ^-f 3 

43-4 



102^^4245 #^ 2003/12/13 

?m ^^io] ZL) E 6b^ pH ^ ^>-§-7]^ ^^-E)o^ ^^2] 7fl^ ^ 

««8 ^r-§-7l^ 7l^o] t^iflfe f^^£S^ , £ 7afe pH dE^^o] ^ «h§-7ji4 

tiES. ^-f^ ?m ^t£5L°}3-, 7b^r pH 2^*r#ol ^ «>-g-7l^ 

<a*M*i 

l: *>-§-7l 2: ^r-g-^- 

3a: *]=i2.^- ^-g-^C-gS ^-g-^) 3b: 

4: <a^> 5: -g-^) 

6: # 7: 7>1 Bpfl( 7a : 7b: 

8: tfjr-g-^ vfl^-oH ^s)^ ^^fl 

9: (7a: ^l^, 7b: «^ 10: vgz}- vfljQ 

11: ^flr 12: P H 13: 
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102^^.4245 #13 <£^ : 2003/12/13 

<17> tflp]-2. 7fl) ^ S ^}-g- ^^«D^, ^ ^ 7 ]^g 

^°>(Zr0 2 : zirconia, #3}- x] s.s^-) 3E^- 7|H 3 qo}a) aVs)-^- n]^^ ^S^l €-3- 

t}- ^5sv)o> ^2l-#(Zr02-/2H20: hydrated zirconia S^- zirconia hydrate) M-ic:^ 

» ^-n-*m #(sol)-& <£#^JL5. ;fc*Kr ^tb ^°]^-. 

ci8> ^ ^gtg o. 3g^oj^o] i-i >0 00 nm ^3 0 "M «.a> £ 

ci9> x]5^o> ^sj-i; xls S u|o> oj*>7 r ^ 1-1,000 nm 3.7}*] v}^*}^*] 

#3.°]:= ^-Bfls Sfe -g-^^lt-fl, <>1 x]s S qo> ^sh#(Zr0 2 -y2H 2 0)^ £^K#^ s}- 

A>-g-S|^ <$0) ^-g-^ ^-EH^Ai ^^Ol AjA^ ^ OIC}-. 

:20> O] *l = =?U|o} P H S^, A^, ^ -B^^ 7i*| (O^S^ # 

^HS. S^-g- *flS, (ii)^S ^/5E^ d^^r 7| M-i^-^ -tfisfl 

3- ^^o]u). ^}7fl^, (iii)S^^- ^ I^7fl|f 7^ -cq 7fls> 

(iv)4€- ^1:142] 4t€ ^EflS. 71^ s ^ ^.g. ^fle}-^ 
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^-2.^: afl^Sfl # ^ ojcf. 

fc^r IIS ^ A]-^)7} #7^}J1 o^l=9-. 

<24> ^)H^o}oj ^ a>^. # p]^7|. ^#£153^1 <Qx}*W 

Z~^o) ^^tb 71 71 €-^7V ^ ^ ^(gel) 

^-E})7> S\o] Ojaf ^-^7> ^^ZL o].g-5^ ^.o]^ ^71 ^$o] ^-g-t}. 7ll^7> 

Wl"^ 71*1^ oj7.l-S.ol tgolels €*Hr 371 S ^ifl7f 

<H^JL ol ^oflA-l ^oj^ ^1^^ £ 71^ ^^ofl£. ^-7Jl7> 

^^°> tt^^lS.^ ^5|-^-# -SM^l Al ^-^^>7ll ^#£)7l ^ 

°> ^Hl^H S^-fr ^ltfl5. ^H^>7l <^tf. 

°^>-°l #^*H ^711 -§-^>.H, *>-§- ^ofl ^ #^4^ Tl^l^A-l uj^. A}^] ^7} 
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1-7)1 £4- ^ -S"^ #4 *^}^ o. 7 ]-§-nfl 

» <>l-§-*H ^^7)^ «<HM 3-€4. 

°!^-^ai)-[Y. T. Moon et al, /. Ceraw. Soc. , 78(4), 1103-1106 ^ 78(10), 
2690-2694 (1995)]^ ^ ^7f*H ^#°] ^§-^5. ^] A>-g-s|^ to-M- -fr 

^A^H *W 35.4* °l-§-^H -H^ilS. 7><I^-JL3.*| 0.28 fm°] JL <Q 

^^£7> ^s^qo> ^-i- ^o] ^^(batch^)AS. *fl2:€ ^ 9X^ ^ 

ZLeJ^; ol-g-^J- ^ ^-rg^s-q ^ ^o\] Hj-S.Tg <* ^ -g-oH 

°fl 4^ 3 ^^Rr ^1=3^61- ^-g- n]^7;> A>ojo} -g-^^y}. 

^^1:^: o]S^ €<*H *|=ia^ ^ ^-g-^^- J^§-4 SMVcl 

i4ffl].^ Tfl i)<>| ifla-oflA-} Jfrfro] ^<£-&}7]} &*§S\7) ttfl^rofl, ^S)-fer 

s qc> n]^^ ^^o] M-w^^Hr ^ ^&f;}<%t\.. 
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o) ^H|£, «-£ia* -§-nfl» *l-§-*Hr ^#1H1 7]2:*H ^^J^l *t 250 nm°l*M 

3 s ^ «.^-a>o] ^ ( Zr [0(CH 2 )3CH 3 ]4 : zirconium butoxide)^ ^ s 51^0^2. a} 
°] ^-(zirconium alkoxide)-ff-:E. tflAlo)] ^5.5. A>-g-^ ^ ojrj-. ZL&)u}- o]si)- 

^l 1 ^ *l r -§-*H ^l=^o]. jfe^ ^5L S. Osaka ^ USP 

5,275,759 (1994H n}3^ ^H^^sj- ^-g-o_n o.^_ w. E ^ 60 ~ 30 o °C ^ 7><g- ^> 

*1» IAS is}51 uV-g-Al^Vol o>^ z]^ ^s S u| 0 > ^ISf-oll 
o] ^ o^rf. 

^7}-!-^ rg^-o] 3)^^ 0.5. ^1^5]^ ^ 7]H.SU|o> oj^q- ^-^^#2}- x]h 3 ^ 
°> «*>^ 371, ^ ^ £-j£<4 oj7>7> -g-^ ^] ^ofl a^^tf-. ZL^BS., ^ 7.1 s^q 
°> ^*rM" ^]^4 ^7>1- Cfl^ ^^>7l ^flA-^ ^531)0} ^5)-^- 

*^ ^ *\}^^$] ?m°] ^SLf>}jL 0} wj-tt^ xl5^qo> ^j^- o}*}. ^ E fl7l- ^-^o]j7 
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^<^°1 nra 3.71 o] ^ <8%fr&S.7Y 3^ 0 Jx}Zt -§-^-£ 3£r :*|S3T-K ^# ^ 
^2:^- ^ #7)1 Sfl^Mo) 

<35> t^e}-A^ ^. 42.3 6. sg^o^o] 1-1,000 nm ^ vfl°fl ^f-S)^ nm3L7l o]jl 

c36> # n ^7>7flS S^-g- ^S., (ii)#2z ^/SE 

^-ir 7^ M-i^^ ^-Bfls 71^ ^>^m, (iii)a^* -f^ 

7fl^ 7]^ #^14 ^ 7 fl Si (iv)t^S- ^l"*^ ^r^S. *§nS. 7l^ 

<37> ^^^--o. <£-lm. ^ t ^^AS^El *l5J2^)o} ^ 

Sf# #^ fl^W, ^-g-^^r ^« -fM*>7fl ^VaL 

nm H7lol^ <^^K£7}- *H§-g- <^o}^Jl 2± i£^ofl ^^ofl o]5^cf. 

'38> o]a^ ^azfi- JCL^| ^^o) xH^S ^--g-^Kr ^^-§"^^1 ^*V°} -B-^^l 1-5-^^ °1 ^ 

Tfl^lS 1:^*>JL ^-§-^3 JrS- -^NH^ ^^S)^ ^^>#^ $3S#£7> ^ Til 

*r °g^># -g-^5i €-*f|£|*l AflS^ ^4* 
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c39> ^oflA)^, 0. 001-0. 5#/£ ^ 3Hr ^ ^-§-^-8: 25 ^JE^H 

I7fl SE^r r^<q ^-§-71^1 ti>-§-^r <£^JL3. W*Ml, <3^r3<£l 

£:2E7}*1 7><lAl^ ^3^r ^"71 x)5^o> ^# tiV-g-^; ^-Sfl Hfl#^ 

5L*1 3g^-oj^ 3Kd p H ^ 1-1,000 nm ^ nm£L7l# ^ ^<2} *l = =iqo} ^ 

<40> ^"71 ^-g-^* ^"71 tfl^-^l^i 70-100 °C ^ ol^S. 7V^^. 

<4i> ^ofl^ °H*l^r ^s^qo]- <£*}<>) ^5-0^ &(d p )£r 10-250 nm tfl 

# i§-n 3JM ^ ^ ^-71 ^ JE^ ^-71 tfl-§- ^ D(cm) 

3- 0.01-3 cm<?l ?H tW^r^r. 

<43> ^ofl ^c^, -g-^]^ 0.05-20 g/« ^"71 ^5 3^ ^7>£) 

<44> ^ *Q-t$6\] oXo]^ , Xlssqcf #^l3L Aj-g-S)^ ^O^H ^ 

-g->£ o] e}ig ^o] #t}. <^1» #<H, ^1^5j-^s S ^-(Zr0Cl 2 : zirconium 

oxychloride SE.^- zirconyl chloride), ^[^^^[^-^.^iZrCl^'- zirconium tetrachloride), ^ 
^]=.^L-H-(Zr0(N03)2: zirconyl nitrate), =.^^(Zr(S04)2- zirconium sulfate) ^-°] 
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a] -*H 4^, 1*^ ZrOCl 2 7> ^2^} ^5|-l-(Zr02-^20)S. ifi*^ H + CI" °) 
zfz}- 

3- A>-g-^cf. X]S5lT3- ^-g-^^ -g-TTfl^. l-n> A>-§-^ ^-^oj]^ ^^^5. g -B-^l-^ & 

-3-S)*r ^S^Sfe ofl^^S^r, HS^^^rCl-propyl alcohol 2^ 2-propyl alcohol), Jft 
*l=iEL^ <3 t^-§-^^ -g-^S. A>-g-s)^ #-^^r ^^^) »1^>ji^ 

£ tt^ ^>-§-£)^ -g-nfl^ ^rS-ir/l-^ 0.5-2.0^ Ufl ifl^H <S^H 

SE^r, ^]SS]^ ^)e^o|. ^-g-o} -g-jEofl nj-e}- ^sMflS^ Y, Ce, Ca Mg^ § 



<46> 



ZrOCl 2 + (/tU)H 2 0 -» Zr0 2 - /S 2 0 + 2H+ + 2CP 
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Ce0 2 , CaO SEfe- MgO)°l Zr0 2 tflw] 30 mol% ^1*>7> j±*o-|t}. 

7}<lo] s)tt 7fl 3E^r tf^^ ^-^(reaction tube)°_5. ^^fe ^ &-%-7] (tubular 
reactorHH ^^^^^r. 

<53> ^A]*] ^Bfl] 

<54> o]^ > ig-^-g- £.l£|-g- ^-JL^ 

<55> # 7 ) ^7)9] 7}±g~Br ^*}7) ^}<^ ^ 7 fl^ &^<L5L o)^o]^ «>-§- 

7)m 7fl^AS M-^lfl^ £ 13f ^"4. ^ ti>-§-7l(l)^ 7}^" ^-Q: ^EjjS.^ Ol^fl- ^iH 
(double-pipe heat exchanger)^ ^Bf|» 7}*l^t|l, tfV-§-^;(2)3}- 7|-<S v^(7)<2\ SL^^r 

<56> o) ^ ^>-§-7HAi X]J=L3_^ ^-g.6n( 3a )^- 7><l^>7l 7><tnflS)K 7 )^r 1*l|*f) 

S^r ^71^-Bflo] #> <g-^ -4 £o] iaV-§--&(2)^g- -§-*!) ^1=3^ ^-g-^# 
7}^ ^ ^^tt f^f-£) A>-g-^H£ ^-^Cf. 

<57> 3.3 «>-g-7}oflAi 7>«iffl^l# tfl-f-S, <g ^-§-°«* ^>-§-^: ^ofl Jie 

Tfl M-» 71^ t-)H ^-^>cf. «M-§-<5] ^ s 

£^ -fr*l» -r-g-^(3a)* #-§-^(2) vfl-^S., 7}^^ ^^(2) 

afl JlJMI m=f wf^^*>cf. iE, o] ^-§-7] (l)-b- <g ^-g.6n (3a )^ jr. 

£4. 
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<58> ^1^6} ^1:^ ^52^- ^-§-*-»(3a)°-^ffc] *]i=5Iu|o} §(6) 

o) *0S3fe *IM4#^r -£3*1 $U*lfe SS^m ^ 7}^ ti> 

<59> #-§-71(1)^ ^-§-4(2) ^^P-S.^^ 7isK z )6fl ^-§-^(2) xflJfo)H4 

T-g-^M #-§-^ ^(z = Zi = 0)1- ^^£(Ti)^- «h§-^(2) ifl^-S <3^3_05L 5L<U 

S\o] 7><l*j]*i|(7)ofl 7>l£|^ *]x& (z = Zp) - ^^£(T p ) ol^S. 

7><i5l^ <*o} -g-^j]tE7> ^o>7^ 4^ #tfl4 Xli^e- <£4 ^^W. °1 

^#-§-4 ^(nuclei) ^7>, ^, ^ <^44 ^ zl 5^ 7>^ 

4 ^l^l 4 3. ^*}44 ^ 434 «?]4 ^^rl;o] 7)1^ :§444 ^4 "£4(4)3. ^ 

°14 ^ <£44 4t4iS 7flt4 ^444 nfl^] ^-#(5)4 3E^ 

°14 ^ 44* #44 ^fe sW^S 444 ^44^ 4^4- 
<60> o] ^ S ^6B (3a) ol ^-§-^(2)^: 44^4 #^-( z = Zo )ofl 7}v\W& -§-^7} #7)1 4 

^ i#^(T b ) !Efe zi 4*>4 ^^ (To) ^ jV^s^I <a4(4)4 £ $&o] 

4^4^., *>-§-44 ^4(3b) ^EflS. *fl#44. #(sol) -#3)4 ^44(35)^ 

A>-B-7> t!" ^4(13H4 PH S^^(12)44 44 34 ^4 o]tfl^ pH 

4 5~12» ^ # ^-Bfl^ «V-§-^!-(6)°l «B#^4- ^?)*\ '#' 0 14 ^ t 

#Bfl» 4^tt4. 
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H^qof <a^>*^- *l]2:*}7] ^tfH^r, ¥ ^^(3a)o] #-§-^(2) ^<HH 

^(turbulence)7> 7}^ #^3*1 ^ #3), ^, laminar flow) ^^S. = 

<62> <^ 7 ]Ai '^^'ol5^ f-^ ti]^- O.S.fe iH^l ^5.^ £^ 

•g^SCTi)^- «>-§-^^# #^£(T 0 ) *}°H €^fl#(Ti < T p < T Q )^ 

£ *r 9X7) ufl&^l ^^£(T f )fe ^ 25°C<>)^ *H=- 

<64> ^-§-^^1-^ #^^r£(T 0 )^ ^^(3b) ^^MH ^V*^ ^ Aj^-ol ^ 

^, *li=Li3^ <* ^-g-^ #^^(T b )^l ^ 70 "C < T 0 < T b ^ £r£ ^ 

7}|^£ SJ^HM AjAjoJl olo^ ^uf-g- ^7} :§K1^ ^ & 
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<66> <*j 7 H Tb ^ ^T-S-^r ifl^M] ^-§-1-^ 4^ ^*fl*)l=Rr ^ -HBi*fl°> 

&t±. tit-S-^r ifl^M tfS^l ^o>^^ T b &51 *Sf £ ^ S=. <* ^-§-<^ 

o}^ -g-nfl f> ^>^o] 3. ^^-ofl^ #^o] 100 °C o}^o] ^-fs. ol^tb 

^-fofl^ ToSt-i- 100 °C < T 0 < T b ^ 4 s ^f^, T 0 &-i: ^ 100 °C °m 

100 °C ^ i«H SE^Ml ^ ?M Ji^- aV^§}x^. 
<67> a>-g- ^#o] #-§-^ ^ ^ 

<68> vfl^-^l^^ ^]^-Al7l:(residence time)£ 7>^-^ ^-^^]-7fl ^K°5. 

^6i] tcf^. ^ ^ <^*Kr 3? 5= ^^>4- «>-§-^S- ^3^r 

7li ^^-1- ^-g-^ol ^-£7} 7}^"^ ^A|^>xl 

<69> ^ ^ofl Aj-7] Xl5^ <g ^-g-<*»<2} ^-<^T *];-§- ^ ^ ^ 

^l^m^l 1~60^7> S)7fl ^Kr 3?o] Ta}^-2j^. 
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=Ur ^#^r 5^7*1 7}<£H>}7} *V-g-^ £ 331)- £0} ^^(ifl^- z\7§ D; S. 

3a)o]7lt+ 33 D x ^ D 2 , £ 3b)^l ?M f**. 

<7i> ti>-g-^r^l ^r^ol ^-H^l ^-f (£ 3b) ^ ^ w>-g-7l^ ^a]^>^ 5. 4^ 

o] «H-7l^r ^<>1 ^o] #-§-7](3EL l)sf ^Bj ^1=3^- <g ^-§-*n(3aH ^€ 
-i- 15^1 7><I*fl*|](7 ^ 7')7> ^€ ^, ^ *H £L4 

<72> iflJf* ti>^-#^r 7>^-^ $^^>7fl 7><t^7] 3.7] 

7> !:^_£_*>7fl 3.*} tb^-. £b§-^r MI^MI ^o] 30.0^ ^ 3^ D> ^ 

(equivalent diameter)&[=(D 2 2 -Di 2 ) i' 2 ]^: De}- ^ ^= 5 y}^^ 

^ 3 crn^H^ ^ SE D ^1 H-r- ^H^>7l o]^jl 

x]H^qc> «y^> 7 > o]^>7l <^7] nfl^ofl ^ 0.01cmJ±i=Rr €• 3M 

<73> ^ofl/^ ti>-§-#^ Jr-§- ^Eflfi]- 7>^* ^Ajofl ^^7171 ^*1H^ #7] ^ 



<75>>g- 7l -B- D fl^ ^SKg/cm 3 )* i+Bj-vfljl, p -g-*fl^ ^2E(g/cmsec)» M-Ef^i, 

i/rr ^-fr^K cm/sec M-^Jl, ZL^ZL Dfe #<S^ a)^ #-§-^^§- ^^4. 

t]^o] o] &^o] *|^>^ ^-(laminar flow)^ ^o] ^E^lTfl ^ 

1,000 o]*Ha^ oj-Jfe} ^7} ^cf. 



<74> 



p • ^ D/u ^ 2,000 
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°> ^sn- *(6)^ <y*moi °g^^£7> ^ -g-^s €-*ns)*i g^t^ ^ 

tt^, p • D/ ii 53t-g- M^f ^Tfl &cj-. ^ #-§-7)011 5£o^ 

-fMKi/)^: ^Tfl -fr*|SR? ^4-, #-§-#6)1 ^g-£) o\ o) ^ #^#^# tflJf 

1^ ^£7> «:-§-l-^ 7><loi 0)3) 3*1^. ^^ 7 > ^zj ^ 5a-£-3.3 *3<*Hr 

*HS£}£r ^]=2^} ^S}-# ^ #-8-1-^ 7}<t, ^A>#5. uL^^ ^ 

^]^^]22^ ^S.^ ^-§-^ of o 5# ols}, «>^*>7lSfe ^ 0.2 # o]^} 

°1 ^-§-4 ^^MH 7><i£l^i 9J*} ^4 ^sj- ^^o] ^S*H ^lS2M4 ^3-1- 
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<79> ^-g-^3] ^5L7\ ^ ^-fofli- ^A]^ cfl6j|i=. ^^] 7 > 

^£7} ui^- »1^>J7^V ^a2t]o} <r^#£| 3.711 ^d] 

x}7) 4^-6)1 <g ^-£7}- ^ o.OOll: ol^-o] s)^ w>^^}cf. 

<80> O.JL <* ^-g-oflo] ^£7]. ^-o>*|^ ^sj-#<3 3g^<g 

^ "SSL *HM5., ^1=3^ ^-§-^^r Aj-Efl6|]A) 7><lSRr Tg^cf 

7l# o]-g-^ <g^_Ojg. 7| o.ofl Aj^S}^ ^^<y^o] SLfi\B\ ^ 

^. 

<81> ^ofl OfS 1 g ) T^S^ ^#3] 3£^7J oj^«AV E ^ oj^fg^ 

# ^^s|-7l- ^^>cf. 

<82> ^. ^ #-§-7l# °]-g-^ ^*>*} ^5)^ # Aj-EJlo} M^(3b)£r #7} 

Ajxg^ w^stj. ^-o] H + , CP ^<=>1 pH*M ^ ^ 

tfl, ^1=3^4 #(6)^ pH#°l ^ 5~12£) ^ tfl^fl *r W^(3b)£| 

ph#* satf. 

<83> ^lJ-on( 3b) ^ pHS J- ^SlHfe 7>^1 « 0 >^ol A>-§-^ ^ o^cf. ^ ^flS.fe tiV-g- 

#(2)-§; BB>7^ ^^^(3b)^l °J-S.^O> ^-g-^-i- pH 3:^^1(12)3. Tili^Jl 
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3. 7>*H ^7] pH^M: 3H 7>^-&l-q-. ^-S.vj6> ^-g-^^r ^-S-^4(NH 3 )» 100% # 

^fSl 3*5. ^1=^ ^-g-^ -g-nflS. A>-g-E)^ ^^"#^1 ^ ^J^r A> 

■8-SB3E. ^PSH^. <£bg-^(2)# ^ ^^-^(3b)3j- P H 2^*11 (12)£| £ 14 

^o] ^£2] ^71(13)^]^ ^A)=g ^ oicf. o] ^7] (13)^ ^ 51^^ 

£ S«]:7l7> &o] ^^-ofl(3 b )3i|- pH 2:^^(12)71- SL^-d\) 2]^ *}5L ^S)7fl «Ht -%-7M 

5. ^-^m. ^S, £ 4°fl ^Altb «1-^ ^SL^l ^7l7f &oj ^ #-§-71 2\ tfV-g-^ # 

Wli, ^ ^7lS^-Ei Bflf^ ^^^(3b)# ^1 H.^-1 A^Kr 7^^d\] pH ^Afl 
(12)* <2#3 SE^ 7}*H ^l^o} ^r°\ ^JE cj- 

£M°V ^-§-^£} ^4 ^£ofl51 All^M ^t-fl o.01~10 N ^ 

> ^|lJ-^(3b)^ pH^ ^ #5Li>KNH 3 )-I- f-S-*Hr 7>i» pH 2, 

€^11(12)5. Aj-g-^ ^^-on (3b )5i}. ^^X\^ p H ^ 2^Rr ^o!4. ol ^-f^lfe ^^»(3b) 
4 7>i ^"Bflsl pH 2^1(12) Afojofl t^tf 71-^ ^#o] ^A*}rK o]« ^-|)- 7 )-oJ> 

^#-§- ^71(13)5.^ (i)#-§-^^#* ^^371^ ^ OJsL «-A>A] 71 ^ A^ 7 }i<4 ^#^7fi 

^ ^3. e-1 tf| (scrubber)^ Bfl, (i i )^!HKdisti llation column) *§Bfl, (iii)^r^^l- 
2^ *H?-3. #2.^0} ^-fr 7>^» ^^371^1 7)^3. #^1 ^-A>Al^ ^#*K=r 
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(C0(NH 2 ) 2 ) 1 4 ^l*^<y-s.^-q-ol S 5|lols((NH4)2Ce(N03)6)^- ^ ^SL^ 0 ^ ^©1 7f^^ # 
^■g- <3 ^-8-*W ^>-§-7H W*fclL #-§-#(2) vfl-f ^ 

<87> £ & ol £ S^^l 2|^£|i=. ^-f^m -fl^fe 

*! «h§-7l« °l-§-f-<H] fl<H^ o}eJ 7 >^1^ tfltb ^^Ml^f 

^(dispersion agent)* ^7}S. A}-g-ig-_o^ ^=1^ ^lS^^ SJ^r-i-^ -§-^ 

<a^^£«- #^ ^S. 9l&r. 

<88> ojsf -=-3^3. A>-§-^ ^ ^r*l]3.-b -0H7l £Efe -C00H71* 5£f-*>^ ^-g-^ 

3.^- n)]^^^ (hydroxy-propyl methyl cellulose), *r°l E^l£i|| 

^3.^ (hydroxy propyl cellulose), M-H-f- -i:3Hl <>]B.( sodium oleate), °fll!3.43HH. 
(potassium ethylxanthate) , #^ 0 l-a.^<i(poly(acrylic acid)), -& 3 ^l^i^^i^ polyvinyl 
alcohol), l-e1^H€€ *H£r^ ^l^%^^l(polyoxyethylene nonionic surfactant) #<*IH 

3.^31 2-^l^-l,3-HS.^#(2-methyl-l,3-propandiol)3|- ££r 

££r ^S-ir-fr-sJ- Ej-S-i^sXr, ^<gA>(citric acid), ^(malic acid) iE±r ^B^dactic 

acid)4 "0H7]» *H^r ^SM-AI^V ^o)H 7>^ SE^r =L o]<$& ^ &cj-. 
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<89> 2) A>-g-^ x}es^- « ^-g-^SJ ^E, -§-*1)<q -g-^1^ ^ 

= ^ ^6f| trj-e^ x}o]7} &*|*]- x]s^ ^-g-*5> 1 ElBll: 7l§°.3. 1" ^fl ^ 0.05 g~20 

<9i> #-§-#(2)£- £ 1 SEfe S. 4ofl <^]a]^ yj-sq. £o] ^Bfl» £ 5 

^ ^-o] ^(coil) ^b|)» oFf€ «v*7> t^, ^Bfl^ aV^o] A>-g-sl^ 

^^Ml^ Jt4 ^<£& 7>^4 1^ JL^-I- ^7) Aj-Eflo^ 7><l^^(7a)* ^>^> 

<92> «>-§-^:(2)^ 3.71, ^, *J°l(z) ^]^> #^ 

; 93> ^:-§-7l(l)# ^-§-^(2)^ £ 1 ^ £ 4^1 ^lAltb «><^ ^-o] ^ 711^. o] = 

°laj3E. ^-^17} £ 5b, £ 6 ^ JE 7°fl ^1a]^ w}sl- £o] 2 7fl o^ol ^eHje 6]j=l 

^ &*}7\ &t}. d\}^ ^c] f £ 5b ^ £o] ti>-g-^(2) ^ 7V\ ^>-§-7l(l) xfl^-ofl ^AHl 

^^l^cfTg a>-§-^ ^-f (E 5a)^.q- ^1=^^^ ^ ^A>-g.^=ol 

t 5 - afl ^7>^ ^Tfl <^^. cf^Sl tiV-§-3K2H A>-g-£|^ ^^Ml^ #-§-^(2) 

^S. ^-§-1-51 Jl-g- Aj-Bfluj. O-^ofl ^o] 7 > A$7)X} -B-^^" ^-9L7> ^Cf. 

:94> 3E 6a ^ £. 6b^r ^ «H-7l (1)°)1 *Kd$ #-§-^(2)ol ^*1^ ^» £ 

^l^AS. t-fEj-^ ^^cf. o] ^]^]A-1^ ^3^^ ^ ^-g-^(3a)ol ^S)<H «V-§-^:(2)^ ^ 
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^-§"^(2) 2)^} 7 r <t*fl *H(7)ofl ^ 7><g£M ^^(3b)^l ^ 

q-^-, ^JH£ ^4- ^7l(13)^]Ai P H S^^l(12)^ 3*1$ pH^^: 3Hr ^1^4 

<95> #7] ^^71(13)^ ^-§-^(2) 7fl^ofl ^Tfl&o] tr|-2f £ 6a ^ £ 6b<^l «> 

<4 ^-o] 3.$ ^-§-71(1)21- sljl *§ns. aa ^ sa^. 

oo S. 6a ^ S. 6b<^l <^^m ^ >£-§-7l(l)if JE 7a ^ £ 7b<^ tfr^r ^1 sj-^ 

fat ^ ^1 ^H^^ 151^:71 (shell-and-tube heat exchanger) % 

<97> ^A]^- -t-^-M. <£ZLQ7) ^Bfl^ ^]-§-7l# A>-g-3T}31^1- ^ "3H^r 

7><I *fl*ll(7)7} ^(shell) ^f-g: £ 73^1 <t}*m a}<4 ^o] x£<£ 2fl^( pa th)S. ^Sfl 

£ ^e), £ 7b<^] &°), *r##(lD* 4^ ^(7'a, 

7"a) ^ #Wb, 7"b)» 7r*m*| ^s. 7><1 *fl*f|(7\ 7")» ^ 

&7fl *H € ^ ^HrS. ^51 <>1 U-^^r ^ ^°-5|(3a)ol «V-§-^(2) 

# *(6)-§: a||35:*Kr 3^ ^ Sl^r* <t= ^cf. 
<98> a ^AS.^, £ 7b°fl <^H^r w>fi)- ^-o] H]:-§-7l(l)Sl ^ ^ofl SV^Cll')* ^7>S. 

^1^1^ ^:-g-^:(2) ^ ^M.^xl^(tube plate)(9a)^S. *r^H ^>-§- 
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71(1)^1 ^g-s)^ ^l^s^- ^-§-<*K3a)°] #-§-#(2) tfl^l »^7>7l5. ^ #J=L*1*1 
<8S?°.3.fe- ^^^£(Tp)^ ^ £r5L^ ^zHj*fl(10)7> Jre^] i$d\ «h§-:£(2) ^ 
<99> y]^ s.^ oflAi^i^. ^^m, o]<4 ^ oflAi oi^o)] S 7 ><g.g- j=y 7 > ^1=1 

^^7)7} # -^ah -g-g.^ ^ satj.. 

* ^*Kr *|e=a^o]. ^Efl^ tflJ^g- ^o]rf. o]^ £ 8^ ^o) jLtifl^ ^ 

^>^7.>^tj]^ (scanning electron microscope; SHD.2.3. *r °^7"H t^ 0 "!^ 1!" 

^ t£t$_2) y l7 |. 6f 1.0-1.5 <>H^ SE^ Bp&^g A>c] 

^*r^S ^-a-^^ 0 ! ^ 1-1,000 nm ^ iJH i^jl ^^>#^ 90%°1#°] 0.5d p ~2d p Sifl 
S.^^ <3^# 7}^ ^SLS. 33*-&E7> ^t}. 
102> o] ^53^4 ^3j-# ^Hr rflJf^- ^^^14. a]m ^xgo) ^ofl^ 

°17> ^Jfg o] X >S. 
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:104> ^^Sjjl ^S^o} ^^-1- ^g. (i)^^ # ZL *>^|3. ^U^flS. i2 

4^ ^S-g- X^*) 7.fllL ^O.S q-^^M) o]-g-^ ^ 9X^. 

:105> (^AHl 1) 

:106> 2-^^<g5i^r3\- ^U]7> 0.94°] -g-*fl 1 e)^H ^-Aj^^l^S^-O] 0.2#, 

s-Al-^S.^ xfl^^s.^ lgo] ^-o> ^ « ^^^r ^l^^q-. tfl^o] 9.5 mm, ^ 

o] 5 m^l -8-s|3M ^EflS. 7>^ 3^ wV-g-^ 27fl# 

-g-71 ^ol] -g*|-SH £ 5b4 ^H*§ ^ ti>-g-7|# <#7] ^-g- 

^•i- SJ= 10 *C°lH 430 cc/minS} -#7] *]-g-^ofl z}-z}- ^-Sj-uL, ofl^^g- ^ 

3. 1:1 ^7l^-EH^ 7><iPl]^» 98 "C<*fM -^7] «>-S-7} ^^-(^^ ^)<^ 

JLS. -g-^Al^ o.S-«j «V-g-^ #tHH^ %^«A ^£7} 74 °C7> S)t11 7>^*mi}. Aj- 

71 ¥ 7fl£] ^ S tifl#s)^- ^7H 0 .8N^ ^£^4x1 7>€H 

pH7> 9.lo] si 711 S^tb ^1=^M°> =r-^-# ^2:^. 

:107> 7]Ha^} ^fr 20 nm H7]5] °]-g-*H ^5.sM<>> =r^# <y*> 

# ^vflzi ci-o] ^#s)*l i^H ^^5L ti>^H °1 t**, ^l^o} 

°g7># 85TC°IM 24Al?> ^stb SEM# o]^.*>^ <g*>£) ^Efl» zl ^ 

4 ^l=SVjo> ^Efl7> Cfl^ 
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T^oH -§-^°l ^ #fe4. ^ °1 "^(d)^ 116.2 nm ^ d ^ 

262.7 nm ^fl*H, (d p )&£: 193.5 nm^H S^*Kr 32.4 nmS.^ , 

a>£7> o>^ ^s^u]o> ^#o] ^l^o] ^-ol^t)-. 

to8> o] ^H^qo> x-# ^I^(XRD)^ ^4 ^tg* 3fe M-^-M- 

109> ol<4 ^^-g- ^1^4 ^#3.^ ^^7> X|7l^ XlS S ^o> «g 

*>7> g<H*lfei*l, ^^-i- Tl*! 1 ^ 196.1 runS. <g*>£) ^Bfl^- 3L7H 5a<*H 

#s|-7> 7^ §iZL <g^>?V -§-^£ Afl5..oj ^3 3*1 

no 2) 

111> i-HS.^to^ #2} -1-Wl7> 1.791 1 3**1= 3^*1 0.041- , "SHE. 

0.6g^l ^> $1^ 9i *r-§-^* ^lStb^. 3.37 mm, ^<=>1 

7> 500 mmS] ^€31^ ^-§-^ 377flS. £ 7a^ ^3L&7l$ ^ ^7l» 

^7] *|=.3L^ «a *r-8-^-§- 8 °C<*fH * 1,150 cc/min^ -B-^S. #7] i£-§-^l 
^M-jI, 2-HS.|t3M 7>^A]^ <£<H*l^r ^7]^S1 7}«tt.fl^()# 84 "C<M ^7) ^7] 
iflJf ^(*>-§-:g. -§-^1^^.^ #tHH^ ^71- 78 

"C7> 7}<£*)fav±. 

112> wfl^^: 0 !! 2.0N^| ^a^of^f 4£^M^ ^ pH7> 5.6o] S)7fl 4^- 
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H3> ^s|-^- ^ 4^ «o v ^ ^^K 1 10 cc^l 3^*1^ fh£ ^>^:S (mount) 

^11 ^ ^ ^^S^ ^33^6} ^s|~§- ^V* 85*C*IM 4^- SEM-i: 

^Efl» ^r^tf. ZL ^ *(|^ X]S S1 J|o> ^S^# ^Bfl7> cfl^ ^§*H 

-§-^°l ^3*1 £ °1 ^^Vl-^ S3^(d)-€r 36.4 nm ^ d ^ 131.1 nra 

^^^^(dp)^ 67.5 nm^H 16.1 nm^i , °^^K£7} 

^ x]e^o> ^#o] ^]^ol ^-01^4. 

114> (^[AHl 3) 

115> 2-£5.^t2l:3l- #^ #til7> 0.94^1 -g-^fl 1 -a-Al^S)-^ e.^o] 0.2#, 

\i to^: 7g^1 *r<*} ^iHia^ <g ^r-g-^^ *HS*M}. 1/4", 3/8", 3/4" fl-^^l ^3131^ 

# 7^5] ^Ai^g 37flS. ^o] 7 > 300 mrntl *-S€ ^ ^ ^r-§-7l# £ 4^4 ^ 

^ ^r-5-711- ^*V4. ^H3^ ^-g-^* ^ 10 "C^H 30 cc/rain^ -R-^°-S. 

7] 1/4" ^ 3/8"tiV-§-€:^ -^^^ 95 °CS. 7><1^ ^rSK^Tfl <M*ll-R-# 

1/4" vfl-f ^ 3/8" ^ 3/4" ^-a. a>o]s. #7] *1=.2^- <g ^-g-<*<5} « 0 V ^ *M ^ 

^-AH #^-°iM3 £r3E7> 82 t:7> S\ 

Tfl 7><tAl^tq-. ^7l ^^"^^ ^-7HAi <£S.1» 7}^S>\- pH7> 5.27} S) 7\] 2:€tb 

=116> ^2;^ xlssqo> =^5Hi- # 3= wj-o.^. ^ = ^ io cc^l €^ ^}-g:H (mount H 

^sbJ ^] s^vjcV <^a>» 85°C«1H 10*1 # SEM-i: °l-§-*M <9 

7}^ ^Efl» ^r%^. ^. ^4 ^S^. ^s^l- ag^ 7 } tfl^ ^o]a^ <y 

-g-^o] 7^ ^c}. ££ ol ^7>#^ ^(d)^ 121.6 nm < d ^ 287.2 nm ^ 
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^^^^(d p )^ 213.5 nm°H S.^*Kr 30.8 nm^, ^^^£7> o}^ 
^^o) x\]2i&o] ^o]_^t\.. 
iit> o] x]e^qo> ^sj-i- ^^>#^r XHd s)^(XRD)^ ^ ^uj- 

^1^> oi o^oflAjo} 71^1^ ^£ofl ^ ^^^Bfl7} ^r^l^l^r 

7>7> <g<H*l*r31, ^4^^r 71^1^1 ^^^l 211.1 nmS. <£7>^ 3.7H 5a°H 
^2|-7> 7|<i) &JL <y7>^> -g-^S Afl^o] ^EJX] 

. O] ^ ^H^o} <a^>*^ ^Efl7> Cfl^ 7>^-ZL, <^^K£7> 

*W Wl^l 7^ 3.71 # 7V^1^,.^7.1- ^S^H -g-^i 71^ -f^tt ^* ^+ 

120> ^- 7lH 3 q 0 f ^S^f ^ <2^5. ^ ^"i: ^l^f-^-S.^) Q£\ 

:121> ^x^ofl £j^-o} xla 3 u|c»} ^ <&^°.g. *)l^Kr i*H A>-g-^ ^ 
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122> ^Sfl^ y>^^o] ^tiV^ ^>-§-7l» °l-g-*Rf *fl2: ^^"cr ^ , £ 

^ ^tb ^ #-§-71-1- ol-g-^Kr <£^r ^ 7>^1 ^ lfi«?Hrfr Ufl °H 
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i] 

0. 001-0. 5#/£ ^ £fe ^°A^r 25 £r5E.«*lH l7fl SE^r t=K^ 

«>1^^1 «>-§-7l<q aV-§-^: ifl-^-S. "S-^JL, <£*r^9l #b)H*| 

SKdpH ^ 1-1,000 nm ^ iM nm3.7l* ^ «- 
WW 2] 

*H UN Sa°l^, ^1=-^ <3 ^r-g-^-g- «l-g-^r ifl-SjMH 70-100 °C ^ iflS. 7}^} 
I^t 1 * 3] 

I^T** 4] 

olJl, ^S-ir/1:^ #wl7> 0.5-2.0 ^1 £U2, ^s S ^<go] ^- a] <g s)-^ s s^- , a><* 
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i^^r 5] 
6] 

all 1^1 9X°)*\. *}zL3-^*\ ^sH& ^^33 &(d p H 9 s 10-250 nm<& 3^ 

7] 

ail 11MI SH-H, ^r-i-^ ^°1 €^ ^€ 6 H, €^^1 afe ^-71 ^€^1 

-tf-g- x}^^ ^ D(cm)ef- 1- nfi, D3W 0.01-3 cmS! ^£-5. ^ ^22^0} 

8] 

*ll I1H , 0.05-20 g/ I 51 #7l <g ^-g-onofl ^7>£|^ ^ 
-t ^0.3. *}±r ^M^} ^# *^1 <£^r 
13 t 1 * 9] 

all I'M <&^3Ml5.#| Y, Ca, Ce £^ Mg^l ^3.31 S^r «.^#), 

7fcS.tfl<>lJe ^ u|-c>lHe)l^lBS ol^M^ ^U}^ 1^ o]#o} sj-^-l-ol t 0.3. 
4 1 5fc ^>^-#(Y20 3> CaO, Ce0 2 SE^r MgOH Zr0 2 7l^°.5. 30 mol% °1^>S. 



1 
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WT^r 10] 

*ll 5^) 9X°}*\, pHit^ ^1=3^- <* ^-g-^H -£L^(C0(NH 2 ) 2 ), ^mtms-Ti- 

M-o1S^olH((NH 4 ) 2 Ce(N0 3 ) 6 ) $ °] H#M-°1 °] B.(Y(N0 3 ) 3 )5L °l-f-<H*l ^o.s.^-b| *Ji»^ 

11] 

^ 5^1 SM^i, pH#^ a&^-g- #-§-^ ra>^ M-jS.^- ^]-§-^^#oll ^-§-^ 

12] 

*fl 5*^1 pH^ $)-5}6) m)>^ 3H-^#<*fl < 3-S.qoKNH 3 )» 

13 t 1 * 13] 

14] 

7*J-«m 5&°H. ^-§-^ -g-^7f 25 TC<*fM *i) ^ 

p • ^ D/p ^ 2,000 
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#7l -§-*fl^ ^£(g/cra 3 )» M-Bftfljl, ^5i(g/cm-sec)» q-Ej-ifljl, 



15] 
16] 

*fl 3"M ^7> t±^2\ 7><I ^-i: ^8-2-3. «Hr ^ 



L 
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liL^tfl-tfWl ^SlJL 39 

[Ji^tfl-g-] 

^^H^, 0. 001-0. 5#/4^ ^]I3t <g ^-§-^ 25°C^*> 

^ l7fl SE^ CH=S1 i>-§-^AS oj^^^l l£-g-7]^ Hl-g-^ <3#3-^ 

S. *#tfcJI, <£^<?i #3HH #7] #-§-71 tflJf<*f| # 7 ) ^.eLS-^ ^ 

-g-^M: #£r^ HL^ir o]^ 7>^Al^ ^^S]^ ^-71 ^s^xJ|o} +^ 

^ -#7} ^ BflftA S ^ ^-g^ iKd p )<>l ^ 1-1,000 nm *tJ41 

^fl^l nm37]» <y^7> ft*^ 5=7^1 o> +^ 

-^^^S 85 

^^-6B(3b)^ P H^ S3* ^ ^1 w J-^^r ^>-g-€ <* ^-g-^(3a) 

°ll A^(C0(NH 2 ) 2 )M- 4#^^-a^-M- o lSB)lolH((NH4)2Ce(N0 3 )6) ^ °lH#t-MHSiH 
3=4 QSL^o]^ s$s$o) 7 >^ ^-^-i- Xjea^. <g ^e) t\- 

%■ #-§-7H ^-^T-Jl «>-g-^(2) iflJj^Ho} ^ ^ij- 7^ ^Alofl pH S^o] 
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0.001~0.5#/£ ^ g^r ^ls^ ^-§-^* 25 °C -&5Ld\}x\ 1 

SE^r ZL °1*>£) 7}<£X\?\ ^7) ^# ^t- #7] «}-§- 

« 3Kd p W ^ l~l,000 nm ^ SUfe nmH 

3. 
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